SUMMARY Four cases of absent left atrioventricular connection are reported. The observations from these cases have been used to emphasise problems concerning the use of the confusing terms "tricuspid" and "mitral'' atresia to describe such hearts. One of the four cases represents a very uncommon condition since the rudimentary chamber was contralateral to the side of the absent atrioventricular connection. The morphology of the conduction system has been elucidated with emphasis given to the surgical implications of these anomalies.
Atrioventricular valve atresia has become the subject of increased interest since the development of innovative surgical treatment.' Only recently, however, has the anatomy of these syndromes been clarified with emphasis to the differentiation of an absent atrioventricular connection and an imperforate atrioventricular valve.2 It has also been pointed out that when one atrioventricular connection is absent, the morphology of the patent atrioventricular valve is highly variable and poorly identifiable. Consequently it has been suggested that it is more accurate to distinguish these cases as absent right or left atrioventricular connection rather than tricuspid and mitral atresia.2 More recently, however, the advisability of this concept has been questioned.3 In the light of this correspondence, we report here four pertinent cases with absent left atrioventricular connection. The findings in these hearts strongly support the remarks of one of us in an earlier paper.4 All the hearts had main ventricular chambers of left ventricular type. Two cases had the rudimentary right ventricular chamber on the same RHA and SYH are supported by the British Heart Foundation together with the Joseph Levy Foundation.
Accepted for publication 19 May 1982 side of the absent connection, the usual pattern. One case, in contrast, had the rudimentary chamber on the opposite side to the absent atrioventricular connection.56 The final case is even more fascinating since the rudimentary right ventricular chamber was more or less directly anterior.
Case reports CASE 1 The heart was situated in the left hemithorax, with the apex to the left. There was a left aortic arch (Fig. la) . Atrial situs solitus was present with normal venous connections. The right atrium was enlarged. The left atrium showed an accessory superior chamber into which four pulmonary veins drained. It was obstructed at its junction with the main atrial chamber, which received two large pulmonary veins. The left atrial floor was completely muscular, having no connection with the ventricular mass (Fig. lb) (Fig. ld) . The aorta arose from the rudimentary chamber, being anterior and to the right of the pulmonary trunk which arose from the main left ventricular chamber.
The pulmonary valve was in fibrous continuity with the solitary atrioventricular valve. The ascending aorta and the arch appeared moderately hypoplastic.
A persistent ductus arteriosus was present. Fig. 2 shows a diagrammatic representation of the conduction system as judged from inspection of the heart. The atrioventricular bundle was not in direct relation with the posterior pulmonary outflow tract. CASE 2 The aortic arch and cardiac apex were to the left (Fig.  3a) . Atrial situs solitus with normal venous connections was found. The left atrium had no connection with the ventricular mass. A patent foramen ovale was present. The main left ventricular chamber was connected with the right atrium through an atrioventricular valve of atypical morphology which showed three leaflets (Fig. 3b) rudimentary chamber showed a prominent trabecular portion and a very short infundibular segment, giving origin to a normally sized aorta, there being no obstruction of the interventricular communication (Fig.  3c ). Despite the leftward position of the rudimentary chamber, the aorta was found to be on the right and anterior to the pulmonary trunk (Fig. 3c) . The pulmonary trunk arose from the main left ventricular chamber in fibrous continuity with the patent atrioventricular valve (Fig. 3b) . A ductus arteriosus was also present in this case.
In Fig. 4 the course of the conduction tissue is shown as judged from the gross examination of the heart. Note that the non-branching bundle encircles the subpulmonary outflow tract. CASE 3 There was left sided position of the aortic arch and cardiac apex ( (Fig. 5c ). Anterior and posterior papillary muscles were present. A good sized interventricular communication was found to be anterior and to the left of the ventricular mass leading to a rudimentary chamber of right ventricular type which showed a prominent trabecular component and very short infundibular segment (Fig. Sd) . The rudimentary chamber was more or less anterior in relation to the main chamber; the rudimentary trabecular component, however, was unequivocally on the right. The aorta arose from the rudimentary chamber and was anterior and to the right of the pulmonary trunk (Fig. 5a ). The pulmonary trunk, taking origin from the main chamber, was in fibrous continuity with the patent atrioventricular valve. Both great arteries were of normal size and a persistent ductus arteriosus was present. The conduction tissue disposition was as illustrated in Fig. 4 .
The aortic arch and cardiac apex were to the left. Atrial situs solitus with normal venous connections was present. Absence of the left atrioventricular connection was found, with a patent foramen ovale on the atrial septal surface. The right atrium connected with the main left ventricular type chamber through an atrioventricular valve which was of mitral morphology, having paired papillary muscles. The interventricular communication was to the left of the ventricular mass and was somewhat restrictive. It led to a left sided rudimentary chamber of right ventricular type which showed the same prominent trabecular component and a very short infundibular segment as encountered in the three previous cases. The aorta, arising from the rudimentary chamber, was anterior and to the left of the pulmonary trunk. Aortic arch and isthmal hypoplasia were found. The pulmonary trunk arose from the main chamber with the atrioventricular valve. Persistent ductus arteriosus was also present.
In this case the entire right atrioventricular junction was sectioned to show the disposition of the conduction tissues. The regular node in the atrial septum made no contact with the ventricular myocardial tissues, being a blind-ending structure (Fig. 6a) .
Instead, an anomalous anterolateral node was found (Fig. 6b) which gave rise to a penetrating atrioventricular bundle. This penetrated to the right of the pulmonary trunk. A long non-branching bundle (Fig.  6c ) then encircled the anterior quadrant of the pulmonary valve before descending into the right margin of the interventricular septum, where it branched on its left ventricular aspect well below the septal crest (Fig. 6d) . A right bundle-branch then penetrated through the septum into the rudimentary right ven-245 tricular chamber while the left bundle-branch ramified on the left ventricular surface. The overall distribution of atrioventricular conduction tissue was as shown in Fig. 4 . Discussion In the past it has been customary to classify the atrioventricular valve atresias simply as tricuspid atresia and mitral atresia. Only recently has the full anatomy of the lesions been discussed with regard to the clinical ability to differentiate an absent atrioventricular connection from an imperforate atrioventricular connection.2 In the light of these findings, it has been suggested that, when one atrioventricular connection is absent, it is preferable to distinguish absence of the right sided and left sided connections rather than nominating the conditions as tricuspid or mitral atresia. This is because, since the essence of the anomaly is absence of the atrioventricular connection, it can never be known with certainty whether, had the connection developed, it would have been guarded by a mitral or a tricuspid valve.
In the hearts herein described, the right atrium communicated always with a left ventricular chamber and always there was ventriculoarterial discordance. The difference in the four cases related only to the position of the rudimentary right ventricular chamber. In two cases the chamber was left sided, as usually described in this entity, but in one it was right sided and in the other it was directly anterior. All this is vital information in the light of the recent suggestion by Gittenberger-de Groot and Wenink3 that all hearts with valve atresia should be distinguished as having mitral or tricuspid atresia according to the ventricular architecture present. They indicated that ventricular architecture could be deduced from knowing the ventricular relations, and then from this information the nature of the atretic valve could be inferred. If we apply this process to our cases, then presumably a diagnosis of "mitral atresia" would be made in the case with right sided rudimentary chamber and "tricuspid atresia" in the cases What this shows is that the conclusion that one can categorise all valve atresias as mitral or tricuspid from inferential evidence concerning ventricular architec-ture is palpably incorrect. In the cases we studied, architecture could certainly not be predicted with accuracy from knowledge of the ventricular relations. It may be possible to make a more accurate judgement knowing the morphology of the atrioventricular valve present, but this information is unlikely to be available to the clinician. Thus, the concept offered by Gittenberger-de Groot and Wenink3 may be of value to the morphogeneticist, but is unlikely to be of great help to the clinician, since it is not based upon morphological features as observed by the clinician. We submit that it is far more accurate, more comprehensive, and more useful simply to describe absence (or atresia) of the right or left atrioventricular connection and then to describe the chamber combinations present. This gives the information required by the clinician, and at the same time gives all the evidence required by the morphogeneticist to make deductions concerning the nature of the atretic connection if this is so desired.
From this discussion, it can be seen that in no way do we deny the value of the looping concept promoted by Van Praagh et al.7 as a mechanism for the understanding of congenital heart disease. Indeed, Weinberg, working with Van Praagh and others,8 has shown more recently how it is essential to describe the loop (ventricular architecture) in those rare cases where it is incongruous for a given atrial situs and atrioventricular connection. Our own group9 has further emphasised the need for describing the ventricular architecture in hearts with ambiguous atrioventricular connection. But the feature of all these hearts (that is those with biventricular atrioventricular connections) is that the architecture can be readily identified in terms of the imaginary placement of the palmar surface of the observer's hand on the septal surface of the morphologically right ventricle with the thumb in the inlet, the wrist in the trabecular component, and the fingers in the outlet.I0 In this way, right hand (typical for the normal) and left hand (typical for "ventricular inversion") patterns can be easily appreciated. It is much harder to determine ventricular architecture when the atria connect to only one ventricular chamber (univentricular atrioventricular connection), particularly when the ventricle is of left ventricular or indeterminate morphology. This is because the inlets in such hearts are either connected to the same ventricle, or else one inlet is absent. It is not therefore possible to "anchor one's thumb" when trying to "place the imaginary hand" on the septal surface of the morphologically right ventricular chamber (or, in the indeterminate hearts, to find a septum). Because of this we find it difficult to apply the "loop convention" in hearts with univentricular atrioventricular connection such as presently described. Moreover, we can see neither a need nor any relevance, from the clinician's or surgeon's view point, to attempt so to identify the "loop' or the imagined morphology of the absent valve. The first case presently described deserves particular comment since it represents a very uncommon condition. Usually absence of one atrioventricular connection is associated with presence of the rudimentary ventricular chamber on the same side as the absent connection. Two cases, however, were reported by Quero, 5 6 with the rudimentary chamber on the opposite side to the absent connection. Subsequently a few additional cases have been described' 1-13 and angiocardiographic documentation has been reported. '4 In his original report, Quero indicated that the right sided position of the rudimentary right ventricular chamber pointed to the existence of mitral atresia, again using the loop to predict the nature of absent connection. He then suggested that this was most unusual, since with mitral atresia it would be expected for the left ventricular chamber to be hypoplastic and the right ventricular chamber to be the main ventricular chamber. He expressed this in terms of normal development, rather than hypoplasia, of the topographically homologous ventricle. At that time, however, the distinction had not been made between atrioventricular valve atresias with biventricular and univentricular atrioventricular connections. If the cases described had possessed imperforate valve membranes, Quero's comments5 6 would be entirely appropriate. But in fact the cases had absence of an atrioventricular connection. When an atrioventricular connection is absent and the other atrium connects to a main ventricular chamber, the relation of the rudimentary ventricular chamber is an independent factor. So, when the left connection is absent and the right atrium connects to a left ventricular chamber, the rudimentary right ventricular chamber is usually left sided, but as we have seen may be right sided or even directly anterior. When the right atrioventricular connection is absent with similar chamber connections, then usually the rudimentary right ventricle is right sided, but it may be directly anterior or even to the left. In hearts with univentricular atrioventricular connection to a left ventricular chamber, it has been emphasised that, though there is a basic disposition of the atrioventricular conduction system, the precise course of the non-branching atrioventricular bundle within the ventricles is dependent upon the position of the rudimentary chamber. Fl1 The findings encountered in the cases here reported further support these remarks. In the first case with right sided rudimentary chamber there was an anterior node from which a very short bundle arose going down immediately along the main chamber aspect of the trabecular septum. '8 In contrast, in the cases with left sided rudimentary chambers, there was an anterior node, in Problem of mitral versus tricu atresia the same position as in case 1, from which an elongated atrioventricular bundle coursed towards the trabecular septum in close proximity to the posterior pulmonary outflow tract.
These morphological features are of considerable surgical signifcance. If surgical "correction" is to be attempted in hearts such as these, it will probably be done using a Fontan type procedure. The position of the node will not be a major feature, since always it will be necessary to preserve the right atrioventricular orifice. It is the relation of the conduction tissues to the interventricular communication which is paramount. If there is ventriculoarterial discordance, as is usually the case, it may be necessary to enlarge this communication. If there is ventriculoarterial concordance, a rare happening,5 it will be necessary to close the communication if an atrioventricular conduit is to be constructed.'9 Whichever option is attempted, it must be known that the branching bundle is carried on the left ventricular aspect of the septum away from the septal crest, and that the non-branching bundle descends on to the right margin of the foramen. The rim of the foramen formed by the outlet septum never harbours conduction tissue, and the left margin is also a safe area for resection. These rules hold good whatever the position of the rudimentary right ventricular chamber (Fig. 7) 
